Abstract Napin, a storage protein, has been reported to be transcribed abundantly during the pre-embryogenic stage and associated with the induction of Brassica napus secondary embryogenesis. In this study, we studied the distribution pattern of napin in the winter oilseed rape embryogenic tissue in comparison to that of the nonembryogenic tissue using the indirect immunofluorescence localisation coupled with the ultrastructural immunogold labelling techniques. Immunolocalisation studies revealed that the extracellular matrix layer outside the outer epidermal cell wall of B. napus embryogenic tissues contained napin. This is the first study to report the extracellular localisation of napin. In addition, we have also further characterised the expression pattern of Eg1 that encodes for napin in the B. napus embryogenic tissue.
Introduction
Winter oilseed rape (Brassica napus L. spp oleifera cv Primor) embryos derived from the double haploids via anther culture can undergo direct somatic embryogenesis in the absence of exogenous growth regulators Ingram 1982, 1983) . Most of these embryos, when detached from the parental tissue and sub-cultured on a Murashige and Skoog (1962) medium supplemented with the sucrose 2% (w/v), had the capacity to produce large numbers of secondary embryos on the hypocotyl surface. This embryogenic/embryoid culture has been maintained for more than 20 yr via the monthly sub-culture of the secondary embryos without diminution (Shu and Loh 1987; Namasivayam 2004) . Based on the histological and ultrastructural studies on this system, a unique ultrastructural feature designated as the extracellular matrix (ECM) was observed on the surface of the pre-embryogenic (PEC) embryos but not on the non-embryogenic (NEC) individuals ). The ECM layer was found to be predominant in the pre-embryogenic stage and reduced to fragments during the embryo growth and during development in the mature embryogenic (MEC) tissue. It was suggested that this structure might be linked to the acquisition of embryogenic competence.
In addition to the structural marker, molecular markers associated with the induction of secondary embryogenesis in B. napus embryogenic cultures were also identified . One of these molecular markers was Eg1, a sequence encoding napin, which is a 2 S storage protein commonly found in the seed. This Eg1 sequence was reported to be transcribed abundantly during the pre-embryogenic stage and associated with the induction of B. napus secondary embryogenesis . Therefore, we studied the distribution pattern of napin in the winter oilseed rape embryogenic tissue in comparison to that of the non-embryogenic tissue. K449, a rabbit antiserum raised against napin available from the previous study (Höglund et al. 1992) , enabled us to study the differences in the spatial and temporal distribution of napin in the embryogenic tissue compared to the non-embryogenic tissue. To complement the immunolocalisation work, we also carried out a molecular characterization of Eg1.
Materials and Methods
Antibodies. Antiserum against the large sub-unit of napin from B. napus was a generous gift of Dr. Anna-Stina Höglund from the Department of Plant Biology, Swedish University of Agricultural Sciences, Uppsala, Sweden. The antiserum was the same as those used in the previous immunological studies (Höglund et al. 1992 ).
Plant materials. Sources and preparation of plant materials for the pre-embryogenic, mature embryogenic, nonembryogenic and seeds of B. napus ssp. oleifera cv. Primor tissue were generated using a method identical to the procedure described in . The cytokinin-treated embryogenic tissue (CK-EC) was generated from the hypocotyls of embryos grown for 20 d on MS media containing 10 −4 M kinetin, 2% (w/v) sucrose and 0.8% (w/v) agar. Plants of B. napus ssp. oleifera cv Primor were grown in the field station of the Department of Plant Sciences, Cambridge University, UK.
Fluorescence immunochemistry. All tissue samples were fixed in a 4% (w/v) formaldehyde in 0.1 M piperazine-1,4-bis(2-ethanesulfonic acid) buffer, pH 7.2 at room temperature for 4 h with the exception of seeds that were fixed for 6 h. Winter oilseed rape seeds were soaked in a deionised water for about 4 h and cut into two halves prior to the fixation. They were rinsed in the same buffer, dehydrated in a graded series of ethanol solutions and embedded in the LR White resin (Agar Scientific Ltd., Essex, UK). Sections were cut at 1 μm using a Leica Ultracut UCT (Vienna, Austria) and were mounted in the groups of five on the SuperFrost plus slides (VWR International, Strasbourg, France). Labelling with each antibody was carried out on the duplicate slides. The sections were incubated with 100 μl of blocking buffer (1% (w/v) bovine serum albumin (BSA), 5% (v/v) normal goat serum, 0.01% (v/v) TritonX-100, 0.01% (v/v) Tween-20) in a Tris-buffered saline (TBS) pH 7.4 for 30 min at room temperature. The blocking buffer was replaced with a primary antibody (K449) diluted in the TBS containing 0.01% (v/v) Tween-20 and 0.01% (v/v) TritonX-100 (TBSTT). Dilution factor was 1:500. A control without primary antibody was incubated with blocking buffer. The next day, the sections were given 5×15-min washes with TBSTT and then incubated in a secondary antibody: goat anti-rabbit IgG conjugated with Alexa 488 (Molecular Probes, Paisley, UK; 1:100 dilution) with TBSTT, and left for an hour in the dark. The sections were given 6×15-min washes with TBSTT, followed by two final washes in dH 2 O. The dried slides were mounted in the Citifluor glycerol solution and sealed with a clear nail varnish. The slides were viewed under a Leica DM RXA wide field epifluorescence microscope or a Leica TCS-SP1 confocal microscope. Alexa 488 was excited by the 488-nm wavelength of an argon laser, and emission was collected at 505-545 nm. Photographs were taken using Nikon Cool Pix 950 digital camera.
Immunogold electron microscopy. The same block of samples prepared for immunolocalisation studies were used for the immunogold labelling. Ultra-thin (60 nm) sections were collected onto the 100 mesh nickel grids coated with a Formvar film. Each grid was floated on a droplet of blocking buffer (1% (w/v) BSA, 0.05% (v/v) Tween-20 and 0.05% (v/v) TritonX-100 in the TBS at pH 7.4) for 20-30 min in a humid chamber at room temperature. Then, the grids were transferred to the drops of diluted K449 in the blocking buffer (1:100) and incubated overnight at room temperature. For the negative control, a grid was floated back on a fresh blocking solution without K449. For each tissue, immunogold labelling was done for three replicates in total for each antibody. Localisation of K449 was detected using a goat anti-rabbit IgG conjugated to a 10-nm colloidal gold (British Biocell International, Cardiff, UK; 1:100 dilution). Then, the grids were washed five times as described above, followed by the final three washes in dH 2 O. The labelled sections on the grids were post-stained with uranyl acetate and lead citrate (Reynolds 1963 ) before viewing in the Phillips CM100 transmission electron microscope at an accelerating voltage of 80 kV.
Isolation and identification of Eg1 cDNA. Eg1, a full length cDNA encoding napin, was isolated as one of the differentially expressed sequences from the subtracted cDNA library of the B. napus embryogenic tissue. The isolation and identification procedure is described in detail in .
Northern analysis. Total RNA from various frozen tissues/ organs of the mature plant (leaves, stem, buds, flowers, siliques, roots and carpels) and tissue culture materials (PEC, MEC, NEC and CK-EC) were extracted using the acid guanidinium thiocyanate-phenol-chloroform extraction method described by Chomczynski and Sacchi (1987) . Samples of total RNA (10 μg per lane) from the various tissues were electrophoresed in 1.3% (w/v) formaldehyde denaturing gel and blotted onto the Hybond™-XL nylon membrane (Amersham Biosciences, Little Chalfont, UK) using the standard techniques (Sambrook et al. 1989 ). The accumulation of Eg1 transcripts in various tissues/organs was detected with the radiolabelled Eg1. The same blots after removal of probe were hybridised with radiolabelled Arabidopsis Actin2/7 cDNA probe as a loading control.
Expression analysis by reverse transcriptase PCR (RT-PCR). For tissues/organs from the field grown Brassica, the yields of individual RNA were too low to be detected using the northern analysis. Therefore, we used RT-PCR to reconfirm the tissue-specific expression pattern for Eg1 sequence.
The equal amounts (200 ng) of RNA samples from various tissues/organs of mature B. napus plants were DNase-treated (RQ1 RNase-Free DNase, Promega, Southampton, UK), reverse-transcribed (Promega, Southampton, UK) and used for PCR reactions using gene-specific primers 5′-CCAAGCTGGACCCTCGATGGTGAG-3′ (forward primer) and 5′-CCTGGATAAGACCTTACATATTA-3′ (reverse primer). Each PCR mix comprised of 40 ng/μl of the RT product, 1×Bioline PCR buffer (Mg 2+ -free), 1.5 mM MgCl 2 , 0.4 mM deoxyribonucleotide triphosphate mix, 2.5 pmol/μl of forward primer, 2.5 pmol/μl of reverse primer and 1.5 U of BioTaq DNA polymerase in a total volume of 12.5 μl. An internal control was prepared using the actin primers (forward primer: 5′-CCATTCTTGC TTCCCTCAG-3′ and reverse primer: 5′-GACGTAAG TAAAAACCCAG-3′) containing all the components as above to test for the equal loading of the template.
The PCR reactions were carried out using the following cycling parameters: one cycle at 95°C for 3 min, followed by 35 cycles at 94°C for 30 s, 60°C for 1 min, 72°C for 1 min, and an additional extension period of 3 min at 72°C. The PCR products were electrophoresed on a 2% (w/v) agarose gel containing 0.4 μg/ml ethidium bromide in parallel with a 1-kb DNA ladder (Bioline, London, UK) to gauge the size of the amplification product, the gel was blotted (Southern 1975 ) and hybridised with a 32 P-labelled Eg1.
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Results and Discussion
Immunolocalisation of napin epitopes in the ECM layer. Napin is a 2 S storage protein commonly found in the seeds of oilseed rape and related species. Napin is accumulated within the specialised storage organelles called protein bodies or protein storage vacuoles (PSVs). These are membrane-bound organelles derived from the cell vacuole or the endoplasmic reticulum in embryonic or endosperm seed tissues and into which proteins are secreted and deposited (Herman and Larkins 1999; Kermode 1996) . Mature seeds contain densely packed storage protein deposits that entirely fill the protein storage vacuoles. PSV protein deposits may be uniformly amorphous or differentiated into sub-domains that contain different kinds of proteins. These sub-domains consist of the protein matrix, proteinaceous crystalloids, phytin inclusions and intravascular vesicles derived by autophagy (Herman and Larkins 1999) . Both light (Fig 1A,B) and electron microscopy ( Fig. 1C,D) immunolocalisation results showed that napin localisation in the mature seeds is in the protein matrix of the PSV with non-detected in the central region of the proteinaceous crystalloids. This is in accord with the observation made by Murphy et al. (1989 ), Höglund et al. (1992 and Scarafoni et al. (2001) . The clear regions observed in some of the PSVs are most probably spaces originally occupied by the globoid crystals lost during tissue sectioning. Similar observations were reported previously by Scarafoni et al. (2001) and Higgins et al. (1988) . The negative controls treated with the goat antirabbit IgG conjugated with fluorescein isothiocyanate (no primary antibodies) showed no fluorescent signal in any of the cells, except for the auto-fluorescence ( Fig. 2A) . Since immunolabelling in the mature seeds was confined to PSVs only, we were confident that K449 was not reacting with the non-napin components of the cytoplasm and the wall.
Immunolocalisation results for the pre-embryogenic and mature embryogenic tissue showed that napin epitopes are localised in the ECM layer. In the pre-embryogenic tissue, K449 was found to strongly label the ECM layer (Fig. 3A) , at junctions between two cells (Fig. 3A) , intercellular spaces (Fig. 3A) , and occasionally at tiny spots in the cytoplasm of parenchyma cells (Fig. 3B) . In some instances, there was a faint diffuse stain across the vacuole (Fig. 3A) . In the mature embryogenic tissue, the labelling intensity of K449 was stronger in the pro-embryoid and in the ECM layer coating the pro-embryoid (Fig. 4A ) compared to the other regions of the tissue section. Ultrastructural immunogold labelling with K449 confirmed the presence of napin epitopes in the ECM layer (Fig. 4B ). Negative controls with the secondary antibody never showed any labelling ( Fig. 4B) . However, in the non-embryogenic tissue, napin epitopes were found in small patches in some of the epidermal cells' outer cell wall (Fig. 5C ) and occasionally at the junction between two cells (Fig. 5A) . Intense signals were also found throughout the cytoplasm of the epidermal and sub-epidermal cells (Fig. 5B ). This could be due to the mobilisation of napin during germination. This is the first study to report the presence of napin as a component of the ECM layer. It is intriguing that the napin is found in the extracellular space, cell wall and the ECM layer instead of being located in the protein storage vacuoles. Putatively, there is some alteration in the sorting machinery for storage proteins which caused the protein to be transported out of the cell. A type 1 membrane protein, AtVSR1/AtELP, of the Arabidopsis functions as a sorting receptor for storage proteins. Recently, it has been shown in Arabidopsis that the atvsr1 mutant missorted storage proteins by secreting them from cells to the extracellular space in the seeds (Shimada et al. 2003) . Although napin genes are said to be tightly regulated and the 5′ flanking region of the napin gene has been shown to carry all the essential elements for the seed-specific expression (Stalberg et al. 1993; Ellerstrom et al. 1996) , the protein was shown to be less stringently repressed in these cultures by Fleming and Hanke (1993) . They suggested that its high-level expression was a consequence of the developmental switch associated with the secondary embryogenic phenotype. The reason napin is localised in the ECM layer and its physiological significance for the embryogenic culture is unclear.
Generally, seed storage proteins serve as a nitrogen and sulphur source for the developing plant seedling during the period of early germination (Higgins 1984) , but in winter oilseed rape embryogenic culture, they might have additional roles. It has been shown that napin has a calmodulin antagonist activity and it has the potential calmodulininteracting structural elements (Polya et al. 1993; Neumann et al. 1996b, c) . Oxidised napin complexes can be effective proteinase inhibitors and it was suggested that this might contribute to the biological activity of this protein as an anti-fungal agent (Neumann et al. 1996a, b; Polya 1997) . More work has to be done to establish an understanding of the napin tertiary structure and its possible function in the ECM layer of the embryogenic culture.
Sequence analysis of Eg1. The full sequence of Eg1 is 743 bp in length and contains an open reading frame (ORF) of 185 amino acids (Fig. 6) . The predicted mature protein has a molecular weight of 15.4 kDa. The database search indicated that the Eg1 sequence is 96% homologous to the nucleotide sequence of a BnmNAP2, and 95% homologous to the nucleotide sequence of the BnmNAP3. Both these sequences were previously isolated from the B. napus cultivar Topas (Boutilier et al. 1994 ). However, the predicted amino acid sequence of Eg1 is 100% identical to both BnmNAP2 and BnmNAP3. An alignment of the deduced amino acid sequence of Eg1 with the amino acid sequences of other members of the napin family showed high sequence identity, between 91% to 100%, as shown in Fig. 7 . Based on the nucleotide search result, we suggest Eg1 and BnmNAP2 may represent the same gene in cultivars Primor and Topas, respectively. Therefore, Eg1 encodes a full-length napin and is closely related to BnmNAP2.
In B. napus, napins are coded by a multi-gene family containing over 16 members (Barciszewski et al. 2000) . Those genes/cDNAs that have been sequenced and cloned are for napA, napB, Bng/NAP1 or BnmNAP and NAP2 (Barciszewski et al. 2000) . All napin genes exhibit more than 90% sequence identity in both coding and flanking regions (Kohno-Murase et al. 1994) . Members of this family constitute small, 12 to15 kDa, and basic proteins composed of two different chains (small and large) linked by disulphide bridges and are expressed as precursors/ preproteins (Crouch et al. 1983) . They undergo proteolytic cleavages at one or more sites during maturation (Byczynska and Barciszewski 1999) . Several functions or activities have been assigned to this family of proteins: nitrogen and sulphur storage (Higgins 1984) , antifungal activity (Terras et al. 1993) , calmodulin antagonist activity (Polya et al. 1993), allergenicity (Monsalve et al. 1993) . They have also been associated with the induction of microspore embryogenesis (Boutilier et al. 1994) .
Expression analysis of Eg1, encoding a napin (BnmNAP2). In order to monitor Eg1 transcription during in vitro culture, a blot containing total RNA from tissue cultured materials (PEC, NEC, MEC, EC-CK) was hybridised to a full-length cDNA clone of Eg1 and the results are shown in Fig. 8A , top panel. Although both tissues were grown in the same culture conditions, napin transcripts were only found in the embryogenic tissue ( Fig. 8A; lanes PEC and MEC) and undetectable in the non-embryogenic tissue ( Fig. 8A ; lane NEC). This suggests that high napin expression is not due to environmental stress but correlated with the state of the embryogenic tissue itself. Fleming and Hanke (1993) found that the napin gene expression was not tightly regulated but detectable at all developmental stages of the oilseed rape secondary embryos, unlike zygotic embryogenesis. They suggested that loosening of the control of napin gene expression might be related to the developmental switch associated with the secondary embryogenic phenotype. The up-regulation of Eg1 transcripts in the pre-embryogenic tissue parallels the observations made by Boutilier and colleagues (1994) during the microspore embryogenesis of B. napus cv. Topas. They reported that napins from the BnmNAP sub-family were induced by the elevated temperatures specifically and only in microsporic embryos and in the microspores competent for embryogenesis. However, the induction of napin gene expression in our study was not a heat stress response since the cultures were not subjected to heat treatment. Our results are in agreement with both of the above-mentioned studies (Fleming and Hanke 1993; Boutilier et al. 1994) , implying that napin may be associated with the induction of somatic embryogenesis.
The reduced level of Eg1 expression in the cytokinintreated tissue ( Fig. 8A ; lane CK-EC) could be due to a decrease in secondary embryogenesis in this tissue. reported that on cytokinin treatment, the embryos displayed reduced embryogenic competence. As such, low levels of Eg1 transcripts in cytokinin-treated embryogenic tissue may not have been a direct effect of cytokinin treatment but could be related to the low level of secondary embryogenesis in the in vitro culture. This could explain why Eg1 transcripts were detectable in the cytokinin-treated tissue but not in the non-embryogenic tissue which does not have embryos at all. If this is true, Eg1/BnmNAP2 expression could be implicated with the induction of somatic embryogenesis. The precise role of this gene during induction of somatic embryogenesis is still unclear. Further experiments such as transgenic analysis using an inducible promoter fused to the BnmNAP2 sequence may provide some insight, for example if the product of this gene induces somatic embryogenesis upon induction of the inducible promoter.
Expression of Eg1 in the major organs/tissues of mature B. napus plants was examined by RT-PCR (Fig. 8B) . Since napin is a highly conserved gene family, RT-PCR was carried out using gene-specific primers matching the least conserved regions in the Eg1 sequence, i.e. the forward primer recognised the ORF region and the reverse primer corresponded to the 3′ untranslated region. In some lanes, the expected RT-PCR product of 440 bp was not visible in the ethidium bromide-stained gel. Therefore, the gel was southern blotted and hybridised with 32 P-labelled Eg1 probe. Interestingly, Eg1 expression was detected in stems, buds, flowers, siliques, roots and carpels. Eg1 expression was not detected in leaves. The expression of Eg1 in vegetative and reproductive tissues of a mature B. napus plant is intriguing because the results for this type of analysis have not been reported previously for the BnmNAP2 gene. Boutilier et al. (1994) have described that the BnmNAP subfamily, comprising BnmNAP2, BnmNAP3, BnmNAP4 and BngNAP1, are 96% to 99% similar at the nucleotide level. Although the RT-PCR was performed using gene-specific primers for BnmNAP2 sequence, there is a possibility that the PCR primers could also prime other members of the BnmNAP sub-family (e.g. BnmNAP3). The results have to be verified by the promoter-GUS analysis to determine the activity of the promoter in the vegetative and reproductive tissues of transformed plants.
